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Abstract 

The presence of the volatile N-nitrosamine, N-nitrosodimethylamine (NDMA), 
and the tobacco-specific N-nitrosamines, N-nitrosonomicotine (NNN) and 4-(N- 
methylnitrosamino)-l-(3-pyridyl)-l-butanone (NNK), respirable suspended 
particles (RSP), ultraviolet particulate matter (UV-PM), oxides of nitrogen 
(NOx), carbon monoxide (CO), carbon dioxide (C0 2 ), gas phase (nicotine, 3- 
ethenylpyridine) and particle phase (solanesol) markers of environmental tobac¬ 
co smoke (ETS) have been determined in the living room air of homes occupied 
by smokers and nonsmokers. The mean N-nitrosamine concentrations (in ng/m } ) 
in homes occupied by smokers were 12.5±6.0 (range 3.3-25.7) NDMA, 0.8± 1.2 
(not detected (nd}-3.3) NNN and 4.0±4.6 (nd-14.3) NNK. In nonsmoker homes, 
only NDMA at a concentration of 9.5+0.8 (8.6-10.4) ng/m 3 was detected. 
Smoking in the home increased the RSP concentration from 85.0±35.4 to 
209+164 pg/m 3 . Nicotine, 3-elhenylpyridine and solanesol concentrations were 
below the limit of detection (0.1-0.2 pg/m 3 ) in nonsmoker homes and present at 
concentrations of 6.85±9.11, 2.31 ±2.65 and 2.17±3.!7 pg/m 3 , respectively, in 
smoker homes. 
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INTRODUCTION 

Tobacco-specific N-nitrosamines (TSNA) such as N-nilrosonornicotine (NNN), 
N-nitrosoanatabine (NAT), N-nitrosoanabasine (NAB) and 4-(N-methyInitros- 
amino)-l-(3-pyridyl)-l-butanone (NNK) are found in cured tobacco and transfer 
to mainstream and sidestream cigarette smoke during smoking [1,2]. Asa result, 
trace quantities of TSNA have been reported in environmental tobacco smoke 
(ETS) in bars, restaurants and trains [3], and in a poorly ventilated office where 
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extensive smoking occurred [4], In the present study, N-nitrosamines, respirable 
suspended particles (RSP), ultraviolet particulate matter (UV-PM), carbon mon¬ 
oxide (CO), carbon dioxide (COj), oxides of nitrogen (NOx) and surrogate 
markers for ETS (solanesol, 3-ethenylpyridine and nicotine) were determined 
under real-life conditions in the living room air of 5 homes occupied only by 
nonsmokers and 15 homes occupied by at least one smoker. 

MATERIALS AND METHODS 

Twenty homes in the city and suburbs of Munich were investigated, five of 
which had only nonsmoking residents. Air monitoring was performed during the 
evening with all residents present in the home and no attempt was made to 
influence the smoking habits of the residents during the sampling sessions. 

The sampling apparatus was located close to the center of the living room and 
installed at file breathing height of a seated person. Real-time C0 2 was deter¬ 
mined using a portable infrared monitor (Multiwam, Drager AG, Germany). 
Indoor air was sampled using two portable air sampling systems (Portable Air 
Sampler, TNO, Division of Technology, Delft, The Netherlands [5]; and PASS, 
ARJAY Equipment Corp., USA). A time-weighted air sample was collected 
using a Tedlar (PVF) sampling bag for direct on-line measurement of CO 
(Carbon Monoxide Analyzer Model 8310; Monitor Labs Inc., USA) and NOx 
(Nitrogen Oxide Analyzer Mode! 8840; Monitor Labs Inc., USA). Nicotine [6], 
3-ethenylpyridine [7], solanesol [8], RSP and UV-PM [9] were determined 
according to published methods. 

A self-constructed portable air sampling case was used for sampling of TSNA 
and volatile N-nilrosamines on a Cambridge filter impregnated with 0.1M 
KHSO., and a Thermosorb air sampling cartridge (Thermeditec Inc., USA) 
placed between the Cambridge filter and the air sampling pump operated at a 
flow rate of 2 1/min. After sampling (0.5 m J indoor air), the filter was extracted 
by 10 min sonification in 50 ml 0.1M citric acid buffer. Nitrosamines were ex¬ 
tracted from the citric acid buffer with four 25 ml aliquots of dichloromethane 
and the combined organic extract dried over anhydrous Na : S0 4 prior to concen¬ 
tration to 2 ml at ambient temperature. The dichloromethane extract was chrom¬ 
atographed on a short column containing 10 g aluminium oxide and eluted with 
25 ml dichloromethane to recover the volatile N-nitrosamine fraction. TSNA 
were eluted from the column with 25 ml dichloromethaneiacetone (4:1 v/v) and 
concentrated in vacuo at ambient temperature to 100 pi for analysis by gas 
chromatography using a thermal energy analyzer (GC-TEA) (10). The Thermo¬ 
sorb cartridge was eluted with 2 ml dichloromethane:methanol (3:1 v/v) and the 
eluate added to the volatile N-nitrosamine fraction extracted from the Cam¬ 
bridge filter. The combined fractions were concentrated to ca. 2 ml and chrom¬ 
atographed on a short column containing 10 g aluminium oxide using 25 ml of 





311 


PM3001192470 


Source: https://www.industrydocuments.ucsf.edu/docs/yqwk0001 



dichloromelhane as the eluant. The dichloromethane eluate was concentrated to 
a final volume of 200 til for analysis by GC-TEA [10]. The presence of N- 
nitrosamines was confirmed by photolysis of the sample at 365 nm and repeat 
analysis by GC-TEA [11]. 

RESULTS 

The time-integrated living room air concentrations of tobacco smoke constitu¬ 
ents and N-nitrosamines are shown in Table 1. The concentrations of surrogate 
markers for ETS were below the limit of detection (0.1-0.2 pg/m 3 ) in homes 
occupied by nonsmokers. In homes occupied by one or more smokers, mean 
concentrations (pg/m 3 ) were: 6.85±9.11 (range 0.4-30.4) nicotine, 2.3I±2.65 
(0.1-7.4), 3-ethenylpyridine and 2.17+3.17 (0.2-12.5) solanesol. The presence of 
smokers in the home increased the mean concentration of RSP and UV-PM 
from 85.0±35.4 to 209±164 pg/m 3 and 32.4+6.8 to 92.9+119,9 pg/m 3 , respect¬ 
ively. Similar smoking-related increases were found for CO (0.2+0.1 vs 0.8+0.8 
ppm) and NOx (0.02+0.005 vs 0.03+0.03 ppm). The mean concentrations of 
CO ? (0.08+0.02 and 0.09+0.04%) were almost identical in nonsmoking and 
smoking homes. The mean N-nitrosamine concentrations (in ng/m 3 ) were: 
12.5+6.0 (3.3-25.7) NDMA, 0.8+1.2 (nd-3.3) NNN and 4.0+4.6 (nd-14.3) NNK 
in homes occupied by smokers. In homes occupied by nonsmokers, 9.5±0.8 
(8.6-10.4) ng/m 3 NDMA was the only N-nitrosamine detected. 

DISCUSSION 

The levels of surrogate markers for ETS (nicotine, 3-ethenylpyridine and solane¬ 
sol) confirmed that the homes studied were genuinely occupied by either non- 
smokers or families containing smokers. Smoking in the home resulted in an 
almost 3-fold increase in the concentration of RSP and UV-PM. The mean 

9 t 

concentrations for all of the measured indoor air constituents except for CO, 
were significantly (p<0.001) higher in homes occupied by smokers. 

This is the only reported study in which TSNA have been determined in indoor 
air with well characterized ETS concentrations. Trace concentrations of 0!8±1.2 
ng/m 3 NNN and 4.0±4.6 ng/m 3 NNK were found only in homes occupied by 
smokers. In previous studies, 7.4±9.1 (nd-22.8) ng/m 3 NNN and 9.5±9.2 (1.4- 
23.8) ng/m 3 NNK were determined in bars and restaurants by Brunnemann et al. 
[3], and 2.8±1.6 (nd-6.0) ng/m 3 NNN and 4.9+3.6 (nd-13.5) ng/m 3 NNK in a 
poorly ventilated office where extensive smoking occurred [4], Studies by 
Brunnemann et al. reported only the presence of TSNA in ETS without charac¬ 
terizing the ETS or determining the indoor air quality, In our previous study on 
ETS in a poorly ventilated office [4], nicotine was determined as a surrogate 
marker for ETS and indoor air quality assessed by measuring both NOx and 
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CO. la both our previous study [4] and the current investigation, no correlations 
existed between any of the surrogate markers for ETS and individual or total N- 
nitrosamine concentrations in indoor air. 

The mean NDMA concentration was slightly higher in homes occupied by smo¬ 
kers (12.5+6.0 ng/m 3 ) compared to nonsmoking homes (9.5±0.8 ng/m 3 ). The 
presence of NDMA in indoor air is not specifically due to ETS since this N- 
nitrosamine occurs ubiquitously in the environment [12], and in ambient outdoor 
air where concentrations as high as 90 ng/m 3 have been measured in industrial 
areas [13]. 

Our results confirm earlier findings that ETS contains trace amounts of TSNA. 
In addition, ETS causes a slight elevation in the levels of NDMA in indoor air 
of households in which smokers are resident. According to several published 
studies, about 80% of the total ETS exposure of nonsmokers either married to 
or living with a smoker in the household occurs within the home [14-17]. 
Compared to the average daily dietary intake of 0.2-0.3 pg NDMA [18] and an 
estimated total daily dietary intake of 10-100 pg for all N-nitrosamines [19], it 
is concluded that exposure to N-nitrosamines in ETS does not significantly con¬ 
tribute to the total exogenous daily N-nitrosamine exposure and is also negligi¬ 
ble compared to the potential for endogenous nitrosamine formation from 
nitrosatable secondary amines present in human body fluids [20]. 
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Table 1. Air monitoring in the living room of homes occupied by nonsmokers 
and smokers 


Indoor air component Nonsmoker home (n=5) Smoker home (n=15) 

Mean Range Mean Range 


RSP (jig/m 3 ) 

UV-PM (pg/m 3 ) 

Carbon monoxide (ppm) 
Carbon dioxide (%) 

NOx (ppm) 

Nicotine (pg/m 3 ) 
3-EthenyIpyridine (pg/m 3 ) 
Solanesol (pg/m 3 ) 

NDMA (ng/m 3 ) 

NNN (ng/m 3 ) 

NNK (ng/m 3 ) 


85.0+35.4 

50-137 

32.416.8 

2.4-43 

0.2+0.1 

0.1-0.3 

0.08+0.02 

0.06-0.11 

0.02+0.005 

0.02-0.03 
<0.1 (LOD) 
<0.1 (LOD) 
<0.2 (LOD) 

9.510.8 

8.6-10.4 
<0.5 (LOD) 
<0.5 (LOD) 


209+164 

69-581 

92.91119.9 

2-489 

0 . 810.8 

0.1-3.0 

0.1010.04 

0.04-0.20 

0.0310.03 

0.01-0.12 

6.8519.11 

0.4-30.4 

2.31+2.65 

0.1-7.4 

2.17+3.17 

0.2-12.5 

12.5+6.0 

3.3-25.7 

0.811.2 

0-3.3 

4.0+4.6 

0-14.3 


I NDMA, NNN, NNK 9.510.8 8.6-10.4 17.0+9.2 4.4-32.7 

(ng/m 3 ) 


l LOD, limit of detection. 
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